Online registration system (ORS) is an Indian government digital initiative under the policy of e-Kranti. This sector needs high quality of service (QoS) as it is crowded with numerous patients for various requisitions. In this paper, a stochastic queueing model is proposed to study a single virtual machine queue with batch arrivals and two types of different services (registration and appointment) one after the other in series. After getting this service, a certain batch of patient's may need an additional service from the ORS portal or they may quit. We also considered patient's impatient behaviour wherein batch of patients decide not to take any service in the ORS portal. We attain steady-state results and probability generating functions and the properties of several parameters on the virtual machine performance are analysed numerically. These results can help the management to calculate the service level of the web portal and to improve the performance.
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Introduction

E-government and its projects
E-government or electronic government is an initiative of the Indian government to provide all government services to the citizens of India through electronic communications. The e-government policies are defined as the service of the internet and the World Wide Web is utilised to provide government news and services to the Indian citizens (Seleman, 2016) . E-government is the utilisation of information communication technology (ICT) to augment the adequacy and competence of service delivery to the citizens in a suitable, productive and clear way (Jeong, 2007) . E-government facilitates and enhances the involvement of wide investors for the national development and to strengthen the governance process (Alenezi et al., 2015) .
The Indian government affirmed the National e-Governance Plan (NeGP), consisting of 27 mission mode projects (MMPs) and eight constituents in 2006. In 2011, additionally, four projects were introduced in the field of health, education, public distribution system and posts. At present, there are 44 MMPs are implemented by the government under e-Kranti. e-Kranti is an electronic delivery of services of digital India program renders services in various domains like education, health, trade, income tax, posts, land records, jobs, agriculture, science, sports, business and culture. Among these services many are completely online and few are partially online (National E-Governance Plan, 2017) .
National Portal of India is one of the MMP under NeGP. This is an official portal provides a single window access to the news and services provided by the government of India for the citizens and other stakeholders (National E-Governance Plan | National Portal of India, 2017) . These schemes extend the reach of internet in the rural areas in the country. The frequently used web portals are educatioportal. mp.gov.in, tsc.gov.in, india.gov.in, indianwater.gov.in, tenders.gov.in, petroleum.nic.in, farmer.gov.in, data.gov.in, mylpg.in, indianarmy.nic.in and mof.gov.in (Government of India Web Directory, 2017) .
Cloud computing for e-government
Cloud computing is the most modern development in the field of computing and its services are reaching the height of an essential significance that administrates individual's day to day life. Cloud services are supported by a framework namely internet data centre (IDC) (Armbrust et al., 2010) . The usage of cloud computing has significantly increased in the previous year's because of expeditious web access and moderate the IT operational costs. Cloud computing trust on a service-oriented architecture and grants three categorisations of services namely Infrastructure-as-a-Service (IaaS), Platform-as-aService (PaaS), and Software-as-a-Service (SaaS). The IaaS is concerned with storage, servers, hardware and networking components over the internet. The PaaS deliberates on virtualised servers, operating systems, and other hardware and software computing platforms. And the SaaS provides software applications and other hosted services (Rimal et al., 2011) . The entrepreneur's foremost aim is to achieve enough computing facilities with less resource in different environments. The cloud technology is a boon with rich benefits like adaptability, disaster recovery, automatic software upgrades, free capitalinvestment, expanded collaboration, work from any-place, document control, security, competitiveness and ecologically friendly.
National Informatics Centre (NIC) which promotes and executes ICT resolutions and it comes under the Department of Information Technology of Indian government. NIC has established most modern National Data Centres at NIC Headquarters, Delhi, Pune and Hyderabad and 30 small data centres at different states to deliver services to the Government at all layers (National Informatics Centre, 2017) . These data centres ensure 24X7 network availability, scalability and maximise consumption of resources. NIC offers co-location of servers, virtual server or virtual machine services, cloud services, backup services, storage services, web hosting services and webcast services.
Online registration system (ORS) is an Indian government digital hospital management information system (HMIS) accessed via ors.gov.in web portal. ORS is a system to connect several hospitals across the country, where OPD registration and appointment system are done based on Aadhaar number and unique health identification (UHID) number. NIC helps to host ORS and provides cloud services. To date, ORS is connected with 63 hospitals from all over India and hence, these hospitals can easily manage their registration, uncomplicated appointment and fluent monitor for the patient's flow. The patients receive various services through this portal like appointments for new patients and follow-up patients, perceiving lab reports, examining the status of blood availability and making payments for registration (Online Registration System Patient Portal, 2017) .
ORS provides cloud based customer relationship management (CRM) with the help of Mobile Seva and Google play store. By utilising this mobile app, all clients can take online appointments and they can access the same information from any place and at any time. With the help of CRM, government perhaps better meet the citizens need, government to citizen (G2C) relationship can be improved, social understanding is able to improve and efficiency of the government is much embellished. In this paper, our research motive is to propose an analytical model which helps the ORS to maintain a virtuous G2C relationship.
Literature review
Queueing theory persists to be one of the most immensive concepts of stochastic models. Owed advancement of innovative analytical behaviour toward its theoretical development new fields are arising. In the recent times, queues with server vacation have gained more popularity in the area of research. It has grown as a significant research area and many researchers have been investigating several theories of queueing models with vacations. To cite a few, Keilson and Servi (1987) , Shanthikumar (1988) , Takagi (1990) , Lee et al. (1994) , and Choudhury and Madan (2004) , are the eminent researchers studied queueing with batch arrival and vacation. Choudhury and Madan (2005) perceived an evident contribution in two stage batch arrival queueing system.
Queueing with impatient clients is a conventional event happens in various real life cases. Balking, Reneging and Jockeying are the three types of customer impatience. Balking arises in a situation where a client deters to join the queue because of extensive waiting time or service time and they may relinquish the queue. Haight (1957) is the first researcher studied queue with balking and Ancker and Gafarian (1963) , Altman and Yechiali (2006) , Yue et al. (2006) , Choudhury and Medhi (2011) , are the other researchers studied queue with balking in different aspects.
Re-service is another real life situation where a client admitting a service and have a necessity to repeat the service. Re-service is first studied by Al-Jararha and Madan (2003) and followed by Tadj and Ke (2008) , and Jeyakumar and Arumuganathan (2011) . Baruah et al. (2012 Baruah et al. ( , 2013 have done a significant contribution in his work by analysing the performance of a batch queue with two-stage general heterogeneous service as well with balking and re-service with server vacations.
From the chosen literature survey, according to the motive of this research work, it is obvious to adopt
queueing system for the ORS web portal. The steady state solutions can be applied to describe the long run behaviour of the ORS web portal and probability generating function (PGF) is utilised to solve the queueing model. These measurements can help the management to calculate the service level of the web portal and to rectify the performance rift.
Description of the proposed system
Virtualisation is the nerve for data centres (Al-Fares et al., 2008) . NIC bestows the service of virtual machine (VM) to its clients and to Government organisation for web portals, database and web application hosting. Figure 1 clearly portrays the service architecture of the proposed system. In this work, we propose
as an internal queue from the virtualisation server to virtual machine. This queue is used to study the steady state performance of a batch queue possessing dual phase different services with balking and re-service considering the idle time of the virtual machine. The customers arrive at the ORS patient portal in batches following a Poisson process with the mean rate λ. The arrival of the system represents the client accessing the multitenant online patient registration portal for getting appointments to their respective hospitals with first order probability
The system follows first come first served (FCFS) order of service. The VM provides service in dual phase consecutively one after the other and the service time is exponential with conditional probability µ. The client first receives the service offered by the first phase (α) and followed by the second phase (β) respectively. At this time, the first phase service is the patient registration with a probability of α µ and the second phase service is patient taking appointment in hospitals with a probability of . β µ After the completion of service in both the phases, the virtual machine can go to idle state because of some maintenance reasons or to upgrade the existing software (Singh et al., 2015) . The VM can enter into an idle state with a probability of σ or it can continue to extend its service with a probability of 1 -σ. Let ( ) x δ be the conditional probability for an idle VM during a certain interval.
The clients requesting for service may become impatient when they have to wait for a long time to get service from the portal. This slow response might happen when the virtual machine is busy or when the virtual machine is idle. Batch of clients enter into the ORS patient portal at the moment when the virtual machine is idle having probability of 1 γ and when the VM is busy having probability of 2 .
γ When the client realise that it is taking too much time for loading the ORS patient portal, then the client gets frustrated and decided not to enter into the online patient portal. Furthermore, certain clients after taking appointments desire to arrive into the patient portal again for various reasons like viewing their lab reports, making payments for the registration and examining their blood pressure level or sign-out from the web portal.
The client may reappear to the patient portal for another service with a probability of ω or sign-out the portal with probability of 1 -ω.
The analytical model for the proposed system
The analytical model is developed in a motive to improve the functioning of the government ORS patient portal which takes care of the registration and for other desires. The following sections clearly describe the various instances like client receiving the service from the ORS patient portal, client who is repeating the service in ORS patient portal, client waiting to get a service from the ORS patient portal but the VM is idle and the complete functioning of the system.
Idle state of the virtual machine
w h e r e 1
Steady state equations 
Client receiving repeated service from ORS patient portal
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Client receiving service from ORS patient portal
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4.4 Steady state solution for the complete system
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are the Sumudu transforms used in the equations and the Sumudu transform for any function is
The busy period of the virtual machine is ρ and it can be derived from 1 . Z ρ = − Mean number of client served in the virtual machine is s L can be derived using Table 1 Calculated values of P and ρ when λ = 8, α = 1, 0.5, 0, β = 0, 0.5, 1 and varying probability values of ω, γ 1 and γ 2 (continued) Table 1 Calculated values of P and ρ when λ = 8, α = 1, 0.5, 0, β = 0, 0.5, 1 and varying probability values of ω, γ 1 and γ 2 (continued) The results obtained in Table 2 , for a certain period of time as the batch of c i clients arrive at the web portal increases, the average waiting time of ORS portal clients request in the VM (W) increases, average number of ORS portal clients in the VM (L) increases, average waiting time of a ORS portal clients request in the queue (W q ) increases and the average number of ORS portal clients in the queue (L q ) increases. The values in Tables 1 and 2 consider the different probability values of idle and busy virtual machine, the probability of client leaving the system and the probability of client repeating the service. L increases for increasing arrival rate with varying probability of client repeating the service and when the probability values of client leaving the system also increases. Table 2 Calculated values of L q , L, W q and W when λ = 8, α = 1, 0.5, 0, β = 0, 0.5, 1 and varying probability values of ω, γ 1 and γ 2 (continued) Figures 5-7 shows that the idle time of the virtual machine decreases and the utilisation factor increases when there is an increase in the probability value of client repeating the service which means that numerous clients are requesting for repeated service. 6 Conclusions E-governance policy initiative under Digital India program is supported by NIC data centres and provides various cloud services to the policies. A stochastic queueing model is developed to overcome the difficulty faced by the government web portals to retain their clients. ORS web portal is considered as a model and analysed performance measures for the patient getting service from the portal and also for patients needs additional service from the portal. The numerical results obtained and from the resultant graph, the concern can apply different strategies to make the patients to frequently visit the web portal and not to quit the web portal. This work is a small contribution to a successful digital India projects.
